Introduction
We report here the first nosocomial outbreak of hepatitis A in a bum treatment center. The outbreak occurred between January and March 1990 in a tertiary-care hospital. A 32-year-old man and his 8-month-old son were admitted to the bum treatment center on December 9, 1989, after each had sustained large body surface area bums in a house fire, 70% and 40%, respectively. On January 8, 1990 , the father became jaundiced, and both were found to have acute hepatitis A infections. Despite institution of appropriate isolation precautions,15 11 health care workers and 1 other bum patient became clinically ill with hepatitis A. We undertook an epidemiologic investigation to identify important risk factors for transmission in the hospital. Our investigation is the subject of this report.
Background
The hospital is a 900-bed referral center with a 16-bed bum treatment center. The typical nursing staff to patient ratio on the burn treatment center is approximately 1:3, although it varies depending on the acuity of the patient and the time of day. Health care workers regulariy assigned to the bum treatment center often eat in the staff lounge or in a charting room, located approximately 15-50 feet from most of the patient rooms ( Figure 1 Hepatitis A Outeak exposed to the index case patients. The study population included nurses and nursing students working in the burn treatment center during the 6-week period. Serosusceptible nurses caring for either of the index case patients were classified as exposed if assignment to one of the index patients occurred at least 2 weeks before the development of illness by the health care worker. Adjusted infection rates by week of exposure were calculated and were stratified by the number of shifts worked with either or both of the patients.
Cumulative incidence ratios (relative risk ratios) were also calculated by week of exposure to either index patient. Risk factor study. A case-control study was perfonned to evaluate behavioral risk factors and common exposures among health care workers for development of hepatitis A infection. A 50-item self-administered questionnaire was developed to assess potential risk factors for hepatitis A infection such as patient care practices (e.g., hand-washing, glove use, providing hydrotherapy, specific types of care of infants and adults), personal habits while working (e.g., eating, drinking, smoking, biting fingemails), any group exposures (e.g., potlucks, shared meals, dining out), environmental exposures, and specific food items eaten while at work. The questionnaire was pretested, revised, and then mailed to all 154 health careworkers assigned to work in the bum treatment center in the 6 weeks before the outbreak's peak. All questionnaires were identified onlyby a confidential studynumber known to the investigators. Three sequential mailings of the questionnaire, which were followed by telephone contacts, were used to improve the response rate.
Statistical Methods
The statistical analyses included the use of the Mantel-Haenszel chi-square statistic, Fisher Charactef7stics ofthe Study Samples Ninety-two percent (n = 132) of the questionnaires from potentially eligible controls (n = 154) were retumed; all case subjects retumed the questionnaire. Controls were required to be both serosusceptible (negative fortotal anti-HAV antibody) and to have returned the questionnaire (n = 91, Figure 3 ). The control group was further refined by limiting the group to the same job classifications (i.e., those with maxiwmal patient exposure) as those of the health-care-worker case subjects (e.g., nurses, nursing assistants, nursing students, and ward clerks; n = 60). The reported rates of hand-washing after patient care, hand-washing after diaper changing, and wearing gloves when contact was an- Nwrsing asyignet. The infection rates for nurses assigned to either patient were the highest during the exposure week of January 2 through January 8, 1990 , just before the onset of symptoms in the father. During that week, the infection rates among nurses assigned to two or more shifts with the infant were higher than those for nurses assigned to a single shift (4 
Discussion
Health care workers caring for thermally injured patients are potentially exposed to a variety of blood-borne pathogens daily through the open burn wounds that must be debrided with hydrotherapy and frequent dressing changes. In our burn treatment center, both case and control subjects reported a high level of prior compliance with routine handwashing, glove use, and other barrier forms of universal precautions. Nevertheless, an important outbreak of hepatitis A occurred in a burn treatment center involving 11 health care workers and 1 patient with a secondary case. Once the epidemic was recognized, reemphasis of good hygienic and isolation practices and the administration of immunoglobulin apparently prevented other secondary cases. Although the relative contributions of each of these measures in terminating the outbreak cannot be assessed in the current study, we would recommend the use of a similar approach for control of a nosocomial outbreak.
We were unable to determine the source of hepatitis A infection in the two index patients. The usual incubation period of 10-50 days (mean = 1 month) is consistent with either nosocomial or community-acquired disease.?8 The elevated cumulative incidence ratios among nurses exposed to either case in the week before onset of symptoms in the adult index patient suggest that both index patients were most infectious during that period, which corresponds to the time of greatest fecal shedding of hepatitis A virus. We also have epidemiologic evidence of an exposure dose-response relationship: the infection rates were higher for nurses assigned to more than one shift than for nurses assigned to only one shift with either patient and highest among nurses assigned to care for both patients. However, the infant son may have been infected before his aival at the hospital, explaining the exposure to and timing of the disease in his father. Infants usually remain asymptomatic, liver enzymes may not be elevated, and secretion ofvirus in the stool may continue for weeks. 8 Similar exposure dose-response relationships have been reported in the literature. In one multistate outbreak of 55 cases, the 16% infection rate among susceptible nurses was four times higher than that among physicians with considerably less exposure to case patients. 4 Moreover, nurses working 12-hour shifts were significantly more likely to become infected than those working 8-hour shifts. In another epidemic, nurses assigned to two or more shifts with an infected infant with an ileostomy had an infection rate 4.6 times higher than those assigned to a single shift. 5 Because the index patients did not have direct contact with each other until after the onset of illness in the father, a nosocomial source for their infections appears unlikely. Nevertheless, a possible nosocomial source would be a contaminated blood product given to both patients. Transfusion-associated hepatitis in neonates has been recognized as the source of several nosocomial outbreaks involving health care workers.-6 However, in our center, none of the donors gave blood to both patients. Moreover break of hepatitis A in a pediatric intensive-care unit in 1981 involving 10 secondary cases suggested that food was a potentially important risk factor.9 The apparent index patient in that outbreak had been incontinent of feces for several days before his death. His family had frequently brought in food that they shared with the boy and members of the staff.
Sharing food with patients or their families, dking coffee at work, sharing cigarettes, and eating in the nurses' office increased the likelihood of infection, although none of the variables reached statistical significance. 9 Moreover, in another study, case patients were almost three times more likely to smoke than were controls (36% vs 13%), suggesting the importance of the fecal-oral route of transmission.5 Similarly, Rosenblum and colleagues8 reported that dfinking beverages in the intensive-care unit was a significant risk factor for infection.
Recent data demonstrated that hepatitis A virus survives well on the fingerpads, despite drying, for 4 hours. 23 Additionally, the virus was transferred effectively between fingerpads and from fingerpads to clean surfaces despite prolonged drying. After suspensions of the hepatitis A virus were dried for 20 minutes, an inoculum of the virus was transferred from an inanimate surface to the fingerpads. Both pressure and friction significantly increased the transfer of hepatitis A virus. The results of this experimental study support the importance of human hands in the direct spread of hepatitis A observed in the current outbreak. 
